Purpose To measure optic shift (OS) of a single piece monofocal intraocular lens (IOL) with varying relationships between anterior capsule cover and IOL optic. Methods This is a prospective randomized masked study of 150 eyes undergoing phacoemulsification. Eyes received either option: 360 o total capsule cover (group I); partial cover (group II); or no cover (group III). OS was calculated as difference in anterior chamber depth after administration of cyclopentolate 1% and pilocarpine 2% on IOLMaster s at separate visits at 6 months follow-up. Subsequently, using retro-illumination photographs, percentage area of capsule cover was calculated. OS within and between groups I and II was analyzed. The impact of one quartile change in area of capsule cover on percentage change in OS was measured for both groups. Unpaired t-test, correlation, and regression were applied. Results In groups I, II, and III, mean age of patients was 56.6876.38, 57.0977.34, 59.1576.35 years, respectively; mean OS (mm) was 1.2570.28, 1.2070.24; 0.9570.26 (P ¼ 0.013), respectively; and percentage area of capsule cover (%) was 47.35710.48, 33.83710.11, 0.1670.13 (P ¼ 0.001), respectively. Mean percentage area of capsule cover in group I vs group II was significant (P ¼ 0.001). OS was 1.2270.26 mm in groups I and II (combined) vs 0.9570.26 mm in group III (P ¼ 0.004, (0.06, 0.33)). OS in group I vs group II was not significant (P ¼ 0.46). Correlation coefficient was r ¼ 0.38 (Po0.001). With every increment on quartile (a quartile is any of the three values which divide the sorted data set into four equal parts, so that each part represents one-fourth of the sample or population) class of area of capsule cover the OS increased by 0.12 mm.
Introduction
The axial position of an intraocular lens (IOL) of a given power determines its refractive effect. It has been established that a dynamic change in the refractive state of the eye caused by interactions between the contracting ciliary muscles and the zonules-capsular bag-IOL complex, leads to axial shift of the optic (movement of the IOL) and results in improved near vision. This is defined as pseudophakic accommodation.
1,2 To achieve pseudophakic accommodation, the integrity of the lens capsule, zonule, and ciliary muscles must be preserved. While analyzing this shift in the IOL, some studies have mentioned the anterior capsule cover of the IOL optic edge, 3 ,4 whereas others have not made any mention of it. [5] [6] [7] [8] [9] With the increasing use of multifocal IOLs, in which postoperative emmetropia is the main goal, the size of the capsulorhexis (CCC) would be of immense importance as it could influence its refractive power.
The relationship between the sizes of the CCC and the optic shift (OS) is unclear. A study on accommodating IOLs has shown that a larger CCC with a smaller CCC-optic overlap improved visual performance. 10 There are no reports in peer-reviewed literature of the relationship between the anterior capsule cover on the monofocal IOL optic and the optic shift.
Hence, we designed a prospective randomized clinical study to measure the OS of a single piece monofocal IOL (model SA60AT: 6.0 mm optic diameter and 13.0 mm overall diameter) with varying relationships between the anterior capsule cover and the IOL optic.
Materials and methods

Study design
A prospective, randomized, masked study was performed at Iladevi Cataract and IOL Research Centre. Patients operated from March 2004 to November 2004, were recruited in the study after obtaining approval from the ethics committee and informed consent from the patients.
Sample size
The sample size was estimated from a past study, 11 which aimed to assess the influence of the anterior CCC size on the postoperative anterior chamber depth (ACD). At 3 months, postoperatively, they found a significant difference of 0.2 mm in the ACD between the small and larger anterior CCC. Hence, we decided to consider a difference of 0.2 mm and above in the optic shift, to be of clinical interest. Taking the most deviant groups for calculating sample size for different groups and assuming mean OS in these groups as mean 1 ¼ 3.7 mm, mean 2 ¼ 3.5 mm, taking SD ¼ 0.32, a ¼ 0.05, to achieve a power of 80%, a sample size of 40 cases would be required in each group. Taking into account the possibility of a 25% dropout in the follow-up visits, we estimated the sample size to be 50 eyes in each group.
Eligibility criteria
Inclusion criteria were local residents with presence of senile cataract, age more than 45 years, pupil dilating more than 7 mm and eyes in which biometry, using the principle of partial coherence interferometry (IOLMaster s ; Carl Zeiss Meditec, Germany) was possible. Exclusion criteria included corneal scars, glaucoma, shallow anterior chamber (preoperative ACD) o2.5 mm), uveitis, very high myopia (axial lengths 427 mm), 12 hypermetropes (axial length o21 mm), pseudoexfoliation, white mature cataracts, traumatic cataracts, visible zonulolysis, histories of previous intraocular surgeries, laser treatment, low signal-to-noise ratio on PCI scans, any posterior segment pathology, and patients with allergies to dilating drops. A single eye of each patient was recruited for the study.
Surgical technique
A single surgeon (ARV) performed all the surgeries, using topical anaesthesia after maximal dilatation of the pupil. A temporal clear corneal incision of 2.65 was made; the anterior chamber was reformed using the soft shell technique wherein a dispersive viscoelastic Viscoat s (Alcon Laboratories, Fort Worth, TX, USA) was injected initially and the cohesive viscoelastic Provisc s (Alcon Laboratories) was injected beneath to push the Viscoat towards the endothelium. 13 In all the cases, an initial small rhexis (smaller than the optic size of 6 mm) was performed. Cortico cleaving hydrodissection 14 preceded rotation of the nucleus. 15 Emulsification was performed using the Infiniti s (Alcon Laboratories) and a standardized surgical technique within the confines of the small CCC. [16] [17] [18] This was followed by bimanual irrigation and aspiration to ensure thorough and complete cortex removal. An AcrySof s SA60AT (Alcon Laboratories; 6 mm optic and 13 mm diameter) was implanted in the bag. IOL power was calculated preoperatively in all the patients using an IOLMaster s . At this stage (before viscoelastic removal), randomization was done on a computer-generated list. The eyes were randomly assigned to one of the three groups. Group I eyes had total cover of the anterior capsule on the IOL optic (3601). Group II eyes had partial cover of the anterior capsule on the IOL optic. Group III eyes had practically no cover of the anterior capsule on the IOL optic except at the optic-haptic junction. Eyes with o1 clock hours of cover were recruited in group III (o3301). The eyes on the list were randomly assigned any number from 1 to 150. Corresponding to each number a single procedure was written (groups I, II, or III). Each patient was allocated a number sequentially. An operating room assistant, otherwise uninvolved in the study, informed the surgeon about the allocation of each eye to the particular group after the IOL implantation. For group I, if the anterior capsule cover was central, viscoelastic removal was performed immediately. For group II, enlargement of the rhexis was performed only partially. For group III, the anterior chamber was formed with viscoelastics to push the rim of the anterior capsule posteriorly. The rhexis was enlarged 3601 circumferentially using an iris spatula introduced through the side port that was placed immediately below the anterior capsule. 19, 20 The cystotome needle was introduced through the main incision and was placed on the iris spatula. A gentle touch and slight movement of the spatula toward the margin of the CCC created a break in continuity. After the needle and iris spatula were withdrawn, CCC forceps were used to grasp the tear and convert it into a flap, which was slowly manoeuvered around, enlarging the original opening. In the process, the flap was regrasped several times and care was taken to ensure that the edge of the rhexis was peripheral to the optic edge. 21 In groups II and III, the total clock hours of the optic covered with anterior capsule was noted after centering the IOL in the capsular bag, intraoperatively. After the surgery, all the patients used topical steroids and antibiotics 4 times a day for 1 month, thereafter tapering the eye drops every 1 week. Tropicamide (1%; Sunways India Pvt Ltd, Mumbai, India) eye drops were used at bedtime for 1 week.
Patient examination
The patients were examined on the first postoperative day, and thereafter at 1 month and 6 months for visual acuity and intraocular pressure measurements. Slit-lamp and fundus examinations were also carried out in these follow-up visits. At 6 months, the examiner who performed and analyzed the measurements was masked to the anterior capsule cover of the IOL optic. Appropriate counselling about the side effects of Pilocarpine and Cyclopentolate eyedrops was done before instillation. Cyclopentolate 1% (Pentolate; Deep Care Health Pvt Ltd, Dholka, India) was instilled twice 5 min apart. Cycloplegic ACD measurements were taken 30 min after application of the first drop. In a separate visit, 1 week later, pilocarpine nitrate 2% (Carpinol s ; Sunways India Pvt Ltd, Mumbai, India) was instilled twice 5 min apart. ACD was measured using the IOL Master 30 min after instillation of the first drop. 8 An average of at least five ACD measurements with a difference of o0.02 mm was considered for analysis. The OS was measured as a difference in ACD after instillation of Cyclopentolate 1% and subsequent instillation of Pilocarpine 2% at two separate visits.
Image analysis
Standardized high-resolution digital retro-illumination photographs were shot using a Nikon D1H digital camera mounted on a Nikon Zoom photo-slit lamp flash pack through a fiber optic cable. 22 The examiner grouped the images in one of the following groups: group I, group II, or group III. The digital images were transferred to the computer and stored in a tagged image file format (TIFF) for later evaluation. The TIFF images were converted into JPEG format in Adobe Photoshop version 7. The images in the JPEG format, were imported to the image analysis software, Softimage TM (Version 2.4, Soft Express Solutions, Ahmedabad, India). The total optic edge and the CCC edge were outlined for all the images and stored in an Excel file. The total area of the IOL optic (mm 2 ) and the area of the optic within the CCC (mm 2 (Figures 1 and 2 ). A smaller Figure 1 Representative photographs of an eye with maximum cover in group I (total cover). Figure 2 Representative photographs of an eye with maximum cover in group II (partial cover).
percentage area of the capsule cover indicates a thin rim of CCC covering the IOL optic edge for 3601 or a thin rim of anterior capsule partially covering the IOL optic edge for o3601 only ( Figures 3 and 4) or a wide rim for a few clock hours. The main outcome measure was a change in the OS within and between groups.
Statistical analysis
Data from the evaluation forms were entered into a Microsoft Excel sheet. All further evaluation was carried out using standard software (Excel (Microsoft Office Excel) and SPSS (release 10.0 for windows, SPSS Inc.)). We hypothesized that the OS of the IOL was dependent on the percentage of the optic area covered by the anterior capsule. A t-test for equality of means was applied to the values of the optic shift, to find out the difference in the OS of the IOL in groups with some cover (groups I and II) vs those with no cover (group III). In group III, the percentage area of the optic cover was observed to be constant (zero) as there was practically no cover. Therefore, we did not analyze the relationship between the capsule covering the optic and the OS in this group, as one was variable and the other constant.
The percentage area of the optic cover was divided into quartiles for better quantification of the change in the OS (mm) as the measurements of the optic cover and OS were too minute to detect a sizeable change after arranging them in ascending order. Quartiles divide the observations into 25% equal classes. A correlation and regression test was applied to test the relationship between the OS and the percentage area of the optic cover. (The regression coefficient was also significant when raw observations of the percentage area of the optic cover were used in the analysis, instead of quartiles.) When the percentage area of the optic cover and OS where analyzed separately for total cover (group I) and partial cover (group II) using regression, the coefficients were significant in both the groups. However, the test of comparison of regression showed no significant difference between the coefficients of total cover in group I and partial cover in group II. So we merged the total cover (group I) and partial cover (group II) groups. The data of percentage area of the anterior capsule rim covering the optic (% area of capsule cover) was arranged in ascending order for creating quartiles (25% classes) of capsule cover. A quartile is any of the three values which divide the sorted data set into four equal parts, so that each part represents one-fourth of the sample or population.
The quartile classes are as follows: upto 29.99% cover in the first quartile; 30-40% in the second quartile; 40.01-47% in the third quartile; 447.01 % in the fourth quartile. Linear regression analysis was applied to assess the impact of change in the quartile of area of the optic cover (%) on the OS (mm).
Results
A total of 150 eyes were enrolled in this study. Table 1 shows the baseline characteristics of the eyes in all the three groups. On follow-up, 4/50 eyes in group I had partial cover and 2/50 eyes in group II had no cover. Thus 46 eyes were enrolled in group I, 52 eyes in group II, and 52 eyes in group III after confirming the capsule cover. None of the eyes were excluded from the study due to unanticipated manipulation. Twenty-one patients did not attend the subsequent follow-ups after an initial observation and two did not give consent for Pilocarpine instillation after the first visit. Hence 8/46 eyes in group I, 8/52 eyes in group II, and 7/52 eyes in group III were excluded from the study (the dropout rate was 13%). In the final count there were 38 eyes in group I, 44 eyes in Figure 3 Representative photographs of an eye with least cover in group I (total cover). group II, and 45 eyes in group III (a total of 127 eyes) for data analysis. All the three groups differed significantly in the percentage area of optic cover (%) and OS (mm). The t-test for equality of means was applied to the values of the OS to determine the difference in OS between some cover (groups I and II) vs no cover (group III). There was a significant difference between the groups (P ¼ 0.004, (0.06,0.33)). When groups I (total cover) vs II (partial cover) were compared, they differed significantly in terms of the percentage area of the optic cover (P ¼ 0.001) but did not differ significantly in terms of the mean OS (P ¼ 0.46) ( Table 2) .
After taking both the groups together, the correlation coefficient between the anterior capsule cover and the OS was 0.37 (Po0.05). The regression analysis given in Table 3 indicates that for the cover groups together (groups I and II combined) as we move from a lower quartile to an higher one of capsule cover; for each increment in quartile; the OS increases by 0.12 mm (Figures 5 and 6) . Thus, the greater the optic area covered by the rim of anterior capsule the higher the optic shift.
(The regression coefficient was also significant when observations of percentage area of optic cover were used in the analysis, instead of quartiles but the change was too small in numeric terms, hence quartiles were used).
Discussion
This study measured the OS of a single piece monofocal IOL with varying relationships between the anterior capsule cover and the IOL optic. OS differed significantly between the cover groups (total on and partial on) vs the no cover group. OS did not differ significantly between the total and partial cover groups. Among the total and partial cover groups, the OS was proportional to the area of the anterior capsule cover on the optic and not on the clock hours covered. OS has been observed following in-the-bag IOL implantation with different IOL types and designs with varying results. 3, 5, 7, 8, 11, 12, 23, 24 OS using pharmacological technique has been demonstrated to be 0.0870.26 mm for polymethyl methacryclate (PMMA), 5 0.4270.46 mm for hydrogel IOL, 5 and 0.2870.38 mm for foldable silicone IOL. 25 Moreover, Fukasaku and Marron ('Accommodation' video presented at the XVIth Congress of the European Society of Cataract & Refractive Surgeons, Nice, France, September 1998), using ultrasound biomicroscopy, showed that the IOL moves anteriorly by a mean of 0.32 mm during near vision; whereas Lesiewska-Junk H and Kahuzny J showed a mean shift of 0.42 mm without any medication. 7 However, these studies have not correlated the OS (axial IOL movement) with the anterior capsule Figure 5 Representative photograph of an eye with practically no cover in group III (total off). cover. With the single piece AcrySof IOL, it has been reported that there is no significant OS compared to the three piece AcrySof design. 3 This study evaluated OS in eyes with a CCC that completely covered the IOL optic. We designed this study to evaluate if any difference exists in the OS of the IOL, if the relationship of the CCC to the IOL optic is varied. The width of the anterior capsule rim covering the optic was also varied so that any overlap in the total cover and partial cover groups ranged from least cover to most cover (Figures 1-4) .
In this study, we recruited only presbyopic patients as the accommodative forces in young pseudophakic eyes may be different. 7 Eyes with axial length between 21 and 27 mm were recruited to rule out the influence of axial length on the IOL shift. 12, 26, 27 The overall capsular bag size is higher in myopes; hence myopes will have a lower OS of the IOL as the accommodative forces of the ciliary muscles will be negated with a larger bag size. However, in hypermetropes, these forces would have a pronounced effect on the optic shift. Biometric calculations with an IOLMaster s is not possible in eyes with dense opacities, such as brunescent and black cataracts, posterior capsular plaques, total white mature cataracts, and posterior polar cataracts. Hence, only those eyes in which biometry was possible using an IOLMaster s were recruited in the study.
The OS can be measured using objective methods such as anterior segment optical coherence tomography, ultrasound biomicroscopy, 8 or Scheimpflug imaging system. 28, 29 We measured the OS by applying the pharmacological method in which we calculated the difference in the ACD. 3, 10, 11, 24, [30] [31] [32] [33] [34] [35] Although this is an indirect method, it is well-accepted as it does not rely on patient compliance during the measurement procedure. 3 Even though these pharmacological stimuli are nonphysiological, they are reported to be useful to find out the maximum potential of the optic shift. 36 Lesiewska Junk H and Kaluzny J measured the IOL shift as a difference in ACD during fixation at 5 m and then at 40 cm. 7 ACD measurement with immersion A-Scan ultrasonography 23, 24, 30, 31 uses a contact method and accuracy depends on the experience of the examiner and compliance of the patient and results are difficult to interpret in pseudophakic eyes. 37, 38 The Zeiss AC master would have been a better alternative in pseudophakic eyes. 39 as the IOL master uses partial coherence interferometry for measurement of axial length but slit-lamp photography for measurement of the ACD. We preferred to use the IOL Master as it allows non-contact biometry and therefore does not depend on the experience of the examiner and compliance of the patient. Although the results might differ owing to measuring principles inherent to the system, ACD was measured with an IOLMaster s in the present study as this is an established method. 11, 37, [40] [41] [42] [43] [44] [45] To avoid significant measurement differences related to imprecisions of the measurement method, we used the same method to measure the ACD in all the groups. We measured the OS at the end of 6 months as anterior capsule fibrosis causes a small backward shift of the IOLs and a slight enlargement in the CCC area with both multi-piece and single-piece IOL designs between 1 and 6 months. 3 Moreover, because the single-piece IOL shifts minimally, spectacles can be prescribed sooner than for eyes implanted with multi-piece IOLs. 3 The OS in the present study significantly differed between the cover groups (groups I and II combined) and the noncover group (group III). Contrary to our expectations, the OS also differed within the total cover group. Eyes with a thin rim of total cover demonstrated a lower OS compared to those with a larger rim of anterior capsule covering the IOL optic. This was also observed in eyes with partial cover. The average OS in this study is more than what has been observed in another study in which a drug-induced method and UBM (Ultrasonic Biomicroscope) were used for assessment, that is, À0.11170.125 and À0.04770.139, respectively. 46 The reasons could be that the age group of patients included in that study population was between 40 and 83 years. Their range of follow-up of 3-31 months was also too large and the relation of the IOL to the anterior capsule has not been mentioned. 46 Muftuoglu et al 9 correlated the CCC diameter to the magnitude of the OS using a three-piece AcrySof IOL (MA30BM or MA60BM) and reported that it did not correlate. Although the CCC diameter was 5.1670.26, the relationship of the anterior capsule to the IOL edge has not been considered. Wirtitsch et al 3 analyzed the stability of the three-piece AcrySof as compared to the single piece Acrysof IOL. They reported a minimal backward shift in the single-piece Acrysof IOL by 0.031 mm in eyes with a total cover using the PCI. This is lower than the results of this study.Their results show a large difference from our results probably because they have included both the SA30AL IOL (optic diameter 5.5 mm and overall diameter 12.5 mm) and SA60AT IOL (optic diameter 6.0 mm and overall diameter 13.0 mm) models and have not used any pharmacological agent while measuring ACD. 3 Moreover, the aim of their study differed from ours.
The limitation of our study is that we have not quantified the size of the anterior CCC to the OS and have not correlated it with visual performance. Our study has shown that more the anterior capsule cover, the higher is the optic shift. However, it is also known that a smaller CCC (greater cover) can increase the risk of anterior capsule fibrosis, which can lead to phimosis of the CCC opening, [47] [48] [49] [50] [51] and a larger CCC (small amount of cover) can increase the risk of IOL decentration and PCO. 52 This is of immense importance as the correlation of the size of CCC to the OS can be detrimental to the refractive status after multifocal IOL implantation.
Our study opens up avenues for further research to quantify the relationship between the exact size of the anterior CCC and OS correlating it with visual performance of monofocal IOLs of different materials and designs. Knowledge of the factors influencing the postoperative OS may allow for a better prediction of the final IOL position in patients before the lens is implanted and, therefore, could improve the overall surgical outcome. These outcomes could also help refine IOL designs for optimal, predictable performance in the capsular bag.
To summarize, this is a baseline study assessing the change in axial position of a single-piece monofocal Acrysof IOL (SA60AT) in varying relationships of anterior capsule overlap to the IOL optic edge. The results indicate that there is a correlation between the anterior capsule cover of the monofocal IOL optic and its optic shift. The more the anterior capsule cover on a single-piece AcrySof, the greater would be the axial movement of this IOL.
